INTRODUCTION
============

Delirium, or acute confusional state, is a clinical neuropsychiatric syndrome characterized by acute and fluctuating impairments in attention and cognitive dysfunction. Dementia, sleep deprivation, and immobilization have been show to predict delirium. Postoperative delirium (POD) is delirium that happens to individuals who received a surgery. Depending on the age of patients and type of surgery, POD rates vary. For example, POD is estimated to occur in 35% and 28% to 60% of patients after vascular operation and after operation for hip fracture, respectively.[@B1][@B2] POD contributes to increased mortality rates, institutionalization, delayed functional recovery, and prolonged hospital stays;[@B1][@B3] however, its pathophysiology is poorly understood and if often neglected by medical professionals.[@B4][@B5]

Various hypotheses for the pathogenesis of delirium have been proposed, including abnormalities in neurotransmission, dysregulation of the stress response, anti-inflammatory reactions.[@B6] This complex pathophysiology makes diagnosis and disease prevention difficult; however due to its clinical importance, a number of studies have emerged investigating serum cytokines and their association with the development of delirium. In particular, biomarkers, such as insulin growth factor 1 (IGF-1), have been intensively investigated.[@B7][@B8][@B9][@B10][@B11][@B12][@B13]

One common putative pathophysiologcial mechanism linking IGF-1 to delirium was direct neuroprotection effects of IGF-1.[@B14] IGF-1 is a neuroprotective cytokine that plays a vital role in promoting development, regulating cell proliferation, differentiation, and synaptogenesis.[@B15] IGF-1-knockout mice are 40--45% smaller than their wild-type littermates and IGF-1 deficiency in humans causes growth abnormalities, including a smaller brain and mental retardation.[@B16][@B17] In addition, lower serum IGF-1 levels are linked to poor cognitive performance, and early administration of IGF-1 after a neural injury, such as stroke, reduces secondary neuronal loss.[@B18] These findings suggest a neuroprotective role of IGF-1 in the central nervous system.[@B5]

On the other hand, other studies proposed that the role of IGF-1 in delirium may be due to direct interaction with other cytokines, such as IFN-gamma, IL-6, TNF-alpha, and IL-1beta.[@B14] For example, therapeutic use of IFN-gamma can cause delirium and IGF-1 can be regulated by IFN-gamma.[@B19][@B20] Patients with low IGF-1 levels may lack an innate immune response against the response of cytotoxic cytokines due to physical or chemical insults. This would make them more vulnerable to the development of delirium. However, there are inconsistent findings in the literature, with some studies showing an association between lower serum IGF-1 levels and delirium, while others reveal no association.[@B7][@B8][@B9][@B10][@B11][@B12][@B13]

There are several possible reasons for this inconsistency. First, the majority of the studies analyzing correlations between IGF-1 markers and delirium used acutely admitted patients in medical wards. These results are likely to be confounded by underlying medical illnesses.[@B7][@B8][@B10][@B12][@B13] Second, the studies had different experimental designs. Blood sampling and delirium occur on the same day in the majority of the studies; therefore, it is not possible to ascertain whether serum levels of IGF-1 are the cause of delirium or reflected a concurrent change due to acute illness.[@B7][@B8][@B10] Third, previous studies have been conducted in Western countries; therefore, it is not known whether these findings can be generalized to other ethnic populations.[@B7][@B8][@B9][@B10][@B11][@B12][@B13] In the present study, we sought to investigate the association between IGF-1 levels and the incidence of delirium in a homogeneous and well-defined population. Cytokine concentrations were measured preoperatively in elderly patients who had been admitted for orthopedic surgery and were not acutely ill.

METHODS
=======

Setting and subjects
--------------------

Between March 2012 and March 2013, we approached elderly patients aged 75 years or above, that were admitted to the orthopedic ward of a medical center in Southern Taiwan for acute or elective vertebral, knee, or hip surgery. Informed consent was obtained from all participants at the time of enrollment. Patients were excluded if 1) they had been prescribed cholinesterase inhibitors or NMDA receptor antagonists during the research period; or 2) they were delirious at the time of admission. The study protocol was approved by the institutional review board at Kaohsiung Veteran General Hospital.

Clinical assessment
-------------------

Demographic and general clinical details, including age, sex, years of education, type of admission (outpatient or emergency department), and type of surgery (vertebral, hip, or knee) were recorded. Patients were assessed using the Barthel Index,[@B21] Geriatric Depression Scale (GDS-15),[@B22] CAGE questionnaire,[@B23] Mini-Mental State Examination (MMSE),[@B24] and Charlson Comorbidity Index (CCI).[@B25] Further, they were assessed for polypharmacy (≥4 prescriptions). Visual acuity and hearing ability were tested using the Snellen eye chart and Whisper test, respectively.[@B26] The Confusion Assessment Method (CAM) criteria were used by a trained researcher to screen for possible postoperative delirium daily.[@B27] Visual Analogue Scale (VAS) was conducted for the assessment of intensity of pain.

Delirium was diagnosed by a research psychiatrist according to the Diagnostic and Statistical Manual of Mental Disorders, 4th Edition, Text Revision (DSM-IV TR) criteria.

Laboratory assessments
----------------------

Two tubes of blood (15 mL each) were drawn from the patients the morning before their surgery. One sample was used for white blood cell counts and hemoglobin measurements. The second sample was centrifuged to obtain serum and stored at -80℃ for future analysis. A sandwich ELISA kit (Biovendor, EU), modified for optimal sensitivity, was used to quantify the serum concentration of IGF-1 according to the manufacturer\'s instructions.

Statistical analyses
--------------------

Data were analyzed using SPSS v18. Baseline demographics and clinical characteristics are presented as median±standard deviation. Continuous and categorical variables are presented as an interquartile range and proportions, respectively. Mann-Whitney U and t-tests were used to examine the difference in characteristics between patients who did and did not develop POD. These variables were chosen because of their clinically important significance for POD.[@B1][@B2][@B4][@B6] Spearman\'s rank correlation coefficients were calculated to evaluate the relationship between baseline characteristics and serum IGF-1 levels. We performed a logistic regression to identify the association between serum IGF-1 levels and delirium status after adjustment of possible confounding factors. All results were two-tailed and p\<0.05 was considered statistically significant.

RESULTS
=======

Twenty-three out of 103 patients assessed on admission developed POD, as determined by DSM-IV TR and CAM criteria.[@B24] The patients were categorized into the POD (n=23) and non-POD group (n=80). Demographic and baseline characteristics of the patients are shown in [Table 1](#T1){ref-type="table"}. The POD group showed higher and lower CCI and MMSE scores, respectively, compared with the non-POD group. More emergency operations were performed in the POD group than the non-POD group (30.4% vs. 10%). No association was found between preoperative serum IGF-1 levels and POD in a univariate analysis ([Table 2](#T2){ref-type="table"}). In addition, serum IGF-1 levels were significantly correlated with MMSE scores and age (MMSE: r=0.230, p\<0.05; Age: r=-0.419, p\<0.001), in accordance with previous findings.[@B15][@B17] Studies have been found cognitive status and age were well documented risk factors to develop POD.[@B1][@B6] Thus, a logistic regression analysis adjusting for MMSE and age was conducted to exclude these confounding factors. After adjustment, IGF-1 concentrations were not significantly associated with POD.

DISCUSSION
==========

Serum biomarkers for delirium could be of three types: 1) risk markers that can be identified prior to disease onset to identify subjects at risk of developing delirium; 2) disease markers that occur with disease onset; and 3) markers that correlate with disease severity or consequence.[@B28] Previous studies have shown an association between lower levels of IGF-1 and delirium; however, these studies do not consider the effect of acute illness in this relationship. For example, Egberts et al.[@B10] found that 21 out of 23 patients who were diagnosed with delirium at the time of enrollment reported lower mean levels of IGF-1 compared with patients without delirium. Another study has reported that 42 out of 164 (25.6%) patients were diagnosed with delirium at the time of blood sampling and had lower serum IGF-1 levels when compared with non-delirious control patients.[@B7] Cytokines are non-specific and their expression can be altered by different physical conditions. Changes in cytokine levels arise after various insults, such as delirium;[@B28] therefore, IGF-1 could serve as a suitable disease biomarker.[@B7][@B8][@B10] However, it is unknown whether IGF-1 is a risk marker because few studies that have been conducted assessing this and results show inconsistency.[@B9][@B11][@B12][@B13]

Abnormal IGF-1 levels have been implicated in several neurological and psychiatric disorders, such as Alzheimer\'s disease (AD), schizophrenia, and ischemic stroke.[@B29][@B30][@B31] Serum IGF-1 induces the clearance of amyloid beta, a pathological hallmark of AD, from the brain via modulation of the expression of the carrier proteins transthyretin and albumin. A decline in circulating IGF-1 level reduces IGF-1 uptake in the brain and enhances AD development.[@B29] Venkatasubramanian and colleagues assessed serum IGF-1 levels in 44 antipsychotic-naïve patients with schizophrenia and found that their levels were lower than those of control cases.[@B30] In line with this, Bondanelli and colleagues suggested that patients who have ischemic stroke with higher levels of IGF-1 have better outcomes.[@B31] These observations suggest that IGF-1 is neuroprotective. Furthermore, several studies have found that acute stress induces a reduction in serum IGF-1.[@B32] The association between lower serum IGF-1 levels and the prevalence of delirium, including delirium at the time of admission, suggests, in part, that an alteration in IGF-1 levels is a consequence, rather than a cause, of delirium.

The present study could not replicate some of the previous findings of reduced serum IGF-1 in delirious patients.[@B7][@B8][@B10][@B13] Differences in the methodological design and study population might explain this. We excluded patients who presented with delirium at the time of admission to reduce the effect of acute illness. In addition, the mean CCI score of patients in the present study was 1 and 74.6% of patients were undergoing elective operations. This suggests a relatively healthy population in this study sample. As such, we avoided the influence of confounding factors, such as infection, physical insult from an operation, or other comorbid conditions, on baseline serum IGF-1 levels. Additionally, the risk of delirium among patients who are preparing for an operation might differs from those of acutely ill inpatients who have higher comorbidities and poor physical status.[@B33] Two studies conducted in orthopedic wards have shown no association between premorbid IGF-1 levels and incidence of delirium.[@B9][@B11] Conversely, results are conflicting among studies on inpatients with acute illness.[@B7][@B8][@B10][@B12] It is difficult to control for confounding factors in these patients because of the multifactorial nature of insults that can lead to delirium and relatively small sample size in most studies. Adamis and colleagues did not adjust for cognitive function and disease severity in their study, which may have impacted their results.[@B7] Cognitive impairment is a significant risk factor for developing delirium in elderly hospitalized patients; therefore, not adjusting for this may lead to different conclusions.[@B33] The use of an homogeneous population with less comorbidities, such as patients undergoing orthopedic surgery, may help to isolate the influence of biomarkers on postoperative delirium from patient- or illness-associated factors.[@B5]

Our findings were in agreement with some previous studies;[@B9][@B11][@B12] however, we do find differences in our data. Lemstra and colleagues have reported that preoperative IGF-1 serum levels do not predict the development of POD in their study of elderly patients undergoing hip surgery (mean age, 80 years). However, gender is a main risk factor for POD and was not controlled for in the study.[@B11] Cerejeira and colleagues enrolled younger surgical patients (mean age, 73 years) undergoing elective hip arthroplasty and found no association between IGF-1 levels andincidence of postoperative delirium.[@B9] The innate immunity of the brain is more reactive in older people; ageing populations show exacerbated neuroinflammation when exposed to stress or comorbid conditions, which potentially leads to neurobehavioral changes and delirium.[@B34] In the present study, we confirmed that preoperative IGF-1 levels were not associated with POD in an older population with same sex distribution.

Premorbid serum IGF-1 levels were not predictive of subsequent POD; however, dysfunctions in the growth hormone (GH)/IGF-1 axis are vital pathophysiological mechanisms of POD. Cerejeira and colleagues enrolled 101 non-demented patients aged 60 years and above who were undergoing elective hip arthroplasty and measured pre- and postoperative plasma IGF-1 levels. Preoperative IGF-1 levels were not different between patients with and without POD, similar to our findings; however, a greater elevation in IGF-1 relative to baseline was found in patients who developed POD. This implicates a dysregulation in the GH/IGF-1 axis; a decreased suppression of GH/IGF-1 signaling may be associated with POD.[@B9] As we only measured preoperative serum IGF-1 in the present study, we were unable to measure any changes in the GH/IGF-1 axis.

This study replicates the previous findings from western countries and confirmed no association between POD and serum IGF-1 levels in an Asian population. In accordance with Lemstra and colleagues, we did not find an association between preoperative IGF-1 levels and POD in our elderly population.[@B11] However, this study had several limitations.

Firstly, our study is to apply the simplified model of markers of inflammation and stress system of predicting POD. Regard of this, considering complex interaction of IGF-1 with various cytokines such as IFN-γ, IL-6, TNF-α, and IL-1β are needed. However, we did not measure these cytokines in our study and that may influence the pathophysiological effect of IGF-1 on delirium. Secondly, increases in IGF-1 levels during the course of acute illness have been reported.[@B35] Therefore, sequential measurements of IGF-1 levels in serum before and at several time points after an operation could shed more light on this issue. Since we only measured IGF-1 at baseline, we were unable to examine potential associations between changes over time in IGF-1 concentrations and delirium. Future longitudinal studies including serial measurements of IGF-1 and other cytokines to better clarify the role of IGF-1 in the neurological effects of critical illness are warranted. Thirdly, the small sample size might lower the power of this study. Interpretation of our results should be cautious and cannot be generalized to the population as a whole. Fourth, serum concentrations of a biomarker that is derived from peripheral blood may not indicate the concentration of that biomarker in the brain. Future studies investigating the association between peripheral and central biomarker concentrations will be necessary. However, it may be difficult to identify a biomarker that significantly influences the process of delirium. Fifth, we cannot discount the contribution of dementia in these findings because cognitive impairment was strongly associated with the development of delirium. However, our regression analysis controlled for cognitive function and cognitive status could not explain the null association.

In conclusion, we did not find an association between preoperative IGF-1 serum levels and POD. This may not be a direct biomarker for predicting the incidence of POD among a relatively healthy elderly population. Further research with larger sample sizes is needed to clarify the relationship between biomarkers and neurological outcomes after surgical operations.

We are grateful to our patients and their parents who voluntarily participated in our study and gave valuable information. This work was supported by grants VGHKS11-CT2-10 from Kaohsiung Veterans General Hospital, Taiwan.

###### Group comparisons of baseline characteristics and other covariables between subjects with POD and those without POD
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Data are presented as mean±SD or categorical variables in proportions number of patients (percentage). ^\*^≥4 prescriptions, ^†^range 0 (completely dependent) to 100 (completely independent), ^‡^range 8 (completely dependent) to 0 (completely independent), ^§^range 0--15, a cut-off vale of ≥5 to indicate clinically important depressive symptoms, ^∥^range 1 (less painful sensation) to 10 (very painful sensation), ^¶^spine surgery: includes spinal decompression only and spinal surgery with instrumented fusion, ^††^hip surgery: includes total hip replacement, bipolar hemiarthroplasty, revision hip surgery, and open reduction and internal fixation (ORIF), ^‡‡^knee surgery: includes total knee replacement and other elective knee surgery. BMI: Body Mass Index, CCI: Charlson Comorbidity Index, GDS-15: 15-item Chinese Geriatric Depression Scale, IADL: Instrumental Activity of Daily Living, MMSE: Mini-Mental State Examination, MNA-SF: short form Mini Nutritional Assessment, VAS: Visual Analogue Scale, POD: postoperative delirium

###### Group comparisons of baseline IGF-1 serum levels between subjects with POD and those without POD
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Data are presented as mean±SD. IGF-1: insulin-like growth factor 1, POD: Postoperative delirium
